Abstract Background: MMPs/TIMPs system is well known to play important roles in pressure overloadinduced cardiac remodeling, and Amlodipine and Atorvastatin have been showed to exert favourable protective effects on cardiovascular disease, however, it is not clear whether Amlodipine and Atorvastatin can improve hypertensive cardiac remodeling and whether the MMPs/TIMPs system is involved. The present study aims to answer these questions. Methods: 36 weeks old male spontaneous hypertension (SHR) rats were randomly divided into four groups: 1). SHR control group, 2). Amlodipine alone (10 mg/kg/d) group, 3). Atorvastatin alone (10 mg/kg/d) group, 4).Combination of Amlodipine and Atorvastatin (10 mg/kg/d for each) group. Same gender, weight and age of Wistar-Kyoto (WKY) rats with normal blood pressure were used as normal control. Drugs were administered by oral gavage over 12 weeks. The blood pressure and left ventricle mass index were measured. Enzyme activity of MMP-2 and MMP-9 was assessed with Gelatin zymography. MMP-2, MMP-9, TIMP-1 and TIMP-2 mRNA and protein expression was studied by RT-PCR and Western blot. Single factor ANOVA and LSD-t test were used in statistical analysis. Results: Treatment with Amlodipine alone or combination with atorvastatin significantly decreased blood pressure, left ventricle mass index in SHR rats (P < 0.05 for both). Compared with WKY rats, the myocardial levels of MMP-2, MMP-9 mRNA, protein and enzyme activity were significantly increased (P<0.05). Amlodipine alone, Atorvastatin alone, and combination of the two all reduced MMP-2 and MMP-9 mRNA, protein and enzyme activity, with the best effects seen in the combination. Compared with WKY rats, the myocardial levels of TIMP-1 mRNA and protein were significantly increased (P<0.05), however, there was no difference in levels of TIMP-2. Neither Amlodipine alone, Atorvastatin alone, nor combination of the two drugs significantly affect the expression of TIMP-1 or TIMP-2. Conclusion: Amlodipine and Atorvastatin could improve ventricular remodeling in SHR rats through intervention with the imbalance of MMP-2/TIMP-2 and MMP-9/TIMP-1 system.
Introduction
Myocardial tissue is mainly composed of cardiomyocytes and extracellular matrix (ECM). ECM includes collagen, proteoglycans, glycoproteins, glycosaminoglycans and elastin fibers. ECM is not only the scaffold to maintain cardiac structure, to maintain the normal alignment of cardiomyocytes and muscle fibers through integrating the geometry of collagen-integrincytoskeleton-muscle fiber, it is also the dynamic microenvironment for extracellular signal transduction. ECM remodeling is mainly characterized as fibrosis of myocardial interstitium and surrounding small blood vessels, and it has been considered a key step in the evolution of heart failure, as well as an important pathological features of hypertensive left ventricular remodeling [1] . ECM is mainly degraded by matrix metalloproteinases (MMPs), and MMPs were regulated by tissue inhibitor of matrix metalloproteinase (TIMPs), therefore ECM remodeling is closely related to the changes in balance of MMPs/TIMPs.
MMPs are a class of Zn 2+ dependent endopeptidase family that specifically degrade ECM. In the more than 20 known species of matrix metalloproteinases, more and more research showed that enhanced gelatinase (MMP-2 and MMP-9) expression and activity play an important role in pressure overload-induced cardiac matrix remodeling [2] [3] [4] [5] [6] . Our previous study has shown that reactive oxygen species (ROS) and inflammatory factors were upregulated in elderly SHR myocardial tissue [7] . Since MMP-2 and MMP-9 are the downstream factors of ROS, inflammatory cytokines TNF-α and IL-1β, we hypothesized that the expression and activity of MMP-2 and MMP-9 may also be enhanced in the cardiac tissues of elderly SHR rats and they may participate in the regulation of cardiac matrix remodeling and promote cardiac interstitial fibrosis.
Based on the role of MMP-2 and MMP-9 in hypertensive left ventricular remodeling, intervention on their upstream factors such as activated renin-angiotensin system, oxidative stress and inflammatory cytokines, or design of specific MMP inhibitors have become the hop topics for research in prevention and treatment of hypertensive left ventricular remodeling [8] [9] [10] . In vitro studies have found that Amlodipine can reduce MMP-2 expression in cardiac fibroblast [11] , Pravastatin on the other hand, could reduce the expression of MMP-2, MMP-9, TIMP-1 and TIMP-2 in myocardial tissues of salt-sensitive hypertensive rats and improve cardiac hypertrophy and cardiac function [12, 13] . Accordingly, we hypothesized that the combination of Amlodipine and Atorvastatin may improve cardiac matrix remodeling by intervention with MMPs / TIMPs system in spontaneously hypertensive rats.
In this study, we aim to study the expression of MMP-2, MMP-9, TIMP-1 and TIMP-2 in myocardial tissue in SHR rats, and to explore the effects of Amlodipine and Atorvastatin monotherapy and combination therapy on expression and activity of MMP-2, MMP-9, TIMP-1 and TIMP-2 and to provide experimental evidence for treatment of hypertensive left ventricular remodeling with Amlodipine and Atorvastatin combination therapy.
Materials and Methods

Animals
The male WKY rats used in this study were purchased from Chinese Academy of Sciences Shanghai Experimental Animal Center at 16 weeks of age, body weight (332 ± s 18) g, and clean grade with certificate: SCXK (Shanghai) 2003-0003. The male SHR rats used in this study were purchased from Beijing Wei Tong Lihua Experimental Animal Center at 16 weeks of age, body weight (325 ± 20) g, and clean grade with certificate: SCXK (Beijing) . WKY rats and SHR rats were hosted till 36 weeks old for experiment in clean level environment, with light/dark cycle 12/12 h, a relative humidity of 50% to 60%, the ambient temperature 22 ~ 25°C, 4 ~ 5 rats per cage, free access to food and water. All procedures were approved by the Animal Care and Use Committee at Hebei Medical University.
Grouping and treatment of the experimental animals 36 weeks old male spontaneous hypertension (SHR) rats were randomly divided into four groups: 1). SHR control group: rats; 2). Amlodipine alone (10 mg/kg/d) group: 16 rats; 3). Atorvastatin alone (10 mg/ kg/d) group: 16rats; 4). Combination of Amlodipine and Atorvastatin (10 mg/kg/d for each) group: 18 rats. 14 WKY rats with normal blood pressure were used as normal control. Drugs were crashed, dissolved in water and administered by oral gavage over 12 weeks for experimental groups [14] . Same volume of water was administered by oral gavage over 12 weeks for control groups.
Measurement of blood pressure
In all rats, systolic blood pressure (SBP) was measured non-invasively using the tail-cuff method (LE 5001; PanLab, Barcelona, Spain). The SBP values reported are the average of three sequential blood pressure measurements that were within 10 mmHg of each other.
Echocardiographic study
Rats were anaesthetized with sodium pentobarbital (40 mg/kg, i.p.). Transthoracic echocardiography was performed using a commercially available Acuson Ultrasound System (Sequoia 512; Siemens, Erlangen, Germany) equipped with a 14 MHz linear transducer, as described previously [6] ], LV relative wall thickness (RWT) =2 ×LVPWd/ LVEDd. Both LVEF and LVSF were used as indices of cardiac systolic function, whereas isovolumic relaxation time (IVRT) and early and late diastolic mitral inflow velocities (E wave and A wave), E/A ratio was used as an index of diastolic function. A joint assessment of diastolic and systolic LV function was performed by the myocardial performance index (Tei index). All LV structures and function were manually measured by the same observer.
Measurement of left ventricular mass index
After the weight of rat was measured, the chest of the rat was immediately open and the heart was quickly removed. After rinsing with ice saline, atrium and right ventricular free wall were cut along the atrioventricular ring. After dried with filter paper, the remaining septal and left ventricular free wall were weighed as left ventricular mass. Left ventricular mass index (LVMI) = left ventricular mass / body weight (mg/g). The left ventricle was cut perpendicular to the long axis, LV central section was harvested and fixed in 10% neutral formalin, and the remaining portion of the left ventricle was snap frozen in liquid nitrogen and then stored in-80°C refrigerator.
Tissue protein extraction
Tissue protein extract. 100 mg of cardiac tissue was homogenized in 1 ml RIPA lysis buffer (150 mmol/L NaCl, 50 mmol/L pH 7.8 of Tris-HCl, 0.1% NP-40, 0.5% sodium deoxycholate, 0.1% SDS, 0.1% EDTA, 1 mmol/L PMSF, 1 mmol/L DTT) on ice bath. The homogenate was centrifuged at 4℃, 12000 rpm for 10 min, the supernatant was harvested as myocardial tissue total protein extract. Sample was aliquoted and stored at -70°C for use. The protein content of the extract was measured using a modified Lowry method.
Zymography to study gelatinase MMP-2 and MMP-9 activity. PAGE: 8% separating gel (containing 0.2% gelatin) and 5% stacking gel were prepared. Myocardial tissue protein extracts from rats in each group were mixed with 5 × sample loading buffer (0.1 mmol / L Tris-HCl, pH 6.8, 20% glycerol, 0.1% bromophenol blue, 4% SDS) and were loaded into PAGE gel. The gel was run at 4 o C with constant voltage (120 v) for 2 ~ 2.5 h (running buffer: 25 mmol / L Tris, 250 mmol / L glycine, 0.1% SDS), when the bromophenol blue front moves to approximately 1 cm from the bottom of the gel, the electrophoresis was stopped.
Gelatin digestion reaction. After electrophoresis, the gel was rinsed by 2.5% Triton X-100 twice for 15 min each to remove the SDS, so that gelatinase would refold; the rinse was discarded, then reaction buffer (50 mmol / L Tris-HCl, pH 8.0, 50 mmol / L NaCl, 10 mmol / L CaCl 2 ) was added and incubated at 37 o C for 9 h, so that gelatinase could fully hydrolyzed the gelatin in gel.
Dyeing and bleaching. After the completion of the reaction, the reaction buffer was discarded, Coomassie blue staining buffer (0.25% CBB R-250, 40% methanol, 10% acetic acid) was added and incubated for 2 ~ 4 h; the staining solution was then discarded, decolorizing solution (40 % methanol, 10% acetic acid) was added and incubated for 2 ~ 4 h, during which time destaining solution was replaced once, decolorization was stopped when white stripe was clear to a blue background. Quantity One V4.6.2 software (Bio-Rad Corporation, US) was used to perform quantitative analysis of signal intensity of the white stripe zone.
Western blot
All antibodies were purchased from Santa Cruz Biotechnology (CA, USA). Certain amount of protein samples were mixed with 5 × SDS sample buffer (0.1 mmol / L pH 6.8 of Tris-HCl, 20% glycerol, 0.1% bromophenol blue, 10% β-mercaptoethanol, 4% SDS) and boiled at 100℃ for 5 min and then loaded onto 10% PAGE gel for electrophoresis. Protein sample was then transferred onto PVDF membrane, which was then incubated in 5% skim milk in TTBS for two hours in room temperature. The PVDF membrane was then immersed with primary antibody diluted in TTBS (10 mmol/L Tris-HCl, pH 8.0, 150 mmol/L NaCl, 0.05 % Tween-20). The primary antibodies used were anti-MMP-2 antibody (1:400), anti-MMP-9 antibody (1:400), anti-TIMP-1 antibody (1:400), anti-TIMP-2 antibody (1:400). After overnight incubation with primary antibody, the membrane was washed three times with TTBS for 10 min each and then incubated with HRP conjugated secondary antibody for 2 hours. After washing with TTBS for 10 min three times, the membrane was then washed with TBS (10 mmol/L Tris-HCl, pH 8.0, 150 mmol/L NaCl) for 10 min once. The antigenantibody binding zone was detected by chemiluminescence. Quantity One V4.6.2 software (Bio-Rad, USA) was used to quantify the density of the Western blot band. β-actin was used as reference.
RNA extraction, RT-PCR and real-time quantitative PCR
RNA extraction. Total RNA was extracted from cardiac tissue in the different treatment groups using Invitrogen's Trizol one-step protocol according to Manufacturer's manual.
Reverse transcription (RT) reaction. 2 µg total RNA was added into RT reaction system (AMV Buffer, dNTPs, Oligo dT Primer, AMV, RNAse Inhibitor, etc.) which was topped to 50 µl with DEPC-treated water, centrifuge briefly after the mix, mineral oil was added onto the top of the reaction solution and was incubated in PCR machine at 42°C for 60 min (cDNA synthesis).
RT-PCR. 3 μl reverse transcription product was used as template for PCR reaction, dNTPs (final concentration 0.2 mmol/L), MgCl 2 2.5 mmol/L, rat MMP-1, MMP-2, TIMP-1, TIMP-2or GAPDH primers(final concentration of 50 pmol/L), 10 × PCR buffer, 2.5 µl, Taq DNA polymerase 2U, sterile deionized water were added to the mixture accordingly to a total volume of 25 µl. The PCR reaction conditions were to 94°C for 2 min for initial denaturation, then 94°C for 40 s, 58°C for 50 s and 72°C for 90 s, after 30 cycles, extension at 72°C for 10 min. PCR amplification products were then loaded onto 1% agarose gel for electrophoresis. BIO -PROFIF gel image analysis system and Bio-1D ++ software were used for analyzing the electrophoresis results. GAPDH was used as a reference. All raw data were first normalized to internal control, and then normalized to normal control group which is WKY group. Real-time quantitative PCR. The cDNA was subjected to real-time quantitative polymerase chain reaction (PCR) using Power SYBR Green PCR Master Mix (Applied Biosystems, Warrington, UK). Each realtime PCR reaction consisted of 2uL diluted reverse transcription (RT) product, 10 uL SYBR Green PCR Master Mix and 250 nmol/L forward and reverse primers. Reactions were performed on a 7500 Real-Time PCR System (Applied Biosystems) for 40 cycles of 95°C for 15s followed by 60°C for 1 min after an initial incubation at 95°C for 10 min. The primers used for real-time PCR were as follows: type I collagen, forward 5′-TGC CGT GAC CTC AAG ATG TG-3′ and reverse 5′-CAC AAG CGT GCT GTA GGT GA-3′; type III collagen mRNA, forward 5′-AGA TCA TGT CTT CAC TCA AGT C-3′and reverse 5′-TTT ACA TTG CCA TTG GCC TAG-3′. The fold change in expression of each gene was calculated using the △△Ct method, with the housekeeping gene GAPDH used as an internal control.
Statistical analysis SPSS 11.0 software was used for statistical analysis. The experimental data were expressed as mean ± standard deviation. Comparison between groups was performed using single factor ANOVA and LSD-t test. P < 0.05 was considered statistically different.
Results
Changes of rat blood pressure
The mean blood pressure of SHR rats was significantly higher than that of WKY rats (221 ± 6.2 mmHg vs 125 ± 7.1 mmHg, P < 0.05). Atorvastatin treatment did not affect blood pressure (220 ± 7.6 mmHg vs 221 ± 6.2 mmHg, P > 0.05). Amlodipine alone or combination of Amlodipine and Atorvastatin treatment significantly decreased the blood pressure (180 ± 4.9mmHg vs 221 ± 6.2 mmHg, 178 ± 5.8 mmHg vs 221 ± 6.2 mmHg, P < 0.05 for both comparisons), but there was no significant difference between Amlodipine alone or combination treatment groups (180 ± 4.9 mmHg vs 178 ± 5.8 mmHg, P > 0.05) (Fig. 1) .
Changes in body weight, heart rate and LVMI
There was no significant difference in body weight of rats in all groups (P > 0.05). The heart rate of SHR rats in both control and treatment groups were significantly higher than that of WKY control group (P < 0.05), but heart rate between the groups of SHR rats was not significantly different (P > 0.05). LVMI in SHR control group was significantly higher than that of WKY rats (P < 0.05), after Amlodipine or (and) Atorvastatin treatment, LVMI was significantly decreased, with the best result shown in the combination treatment group (P < 0.05) ( Table 1) . 
Echocardiographic analysis
As shown in Table 2 , there was no significant difference in LVEDd, LVEDs, IVSd among WKY group, SHR control group and each drug treatment group (P > 0.05). The LVPWd of SHR control group and RWT were significantly higher than those of WKY rats (P < 0.05), but no significant difference among different SHR groups (P > 0.05). At 48 weeks old, LVW of SHR control group was significantly higher than that of WKY rats (P < 0.05). LVWs of Amlodipine group and Atorvastatin group were significantly decreased than that of SHR control group (P < 0.05 in all), and LVW of the combination group was decreased even further (P < 0.05). There Table 1 . Effects of amlodipine, atorvastatin, and their combination on weight, heart rate and LVMI in SHR rats (n = 10, ±s). * P < 0.05 vs. SHR; # P < 0.05 vs. SHR+AM+AT. BW: body weight; HR: heart rate; LVMI: left ventricle mass index. SHR: SHR treated with vehicle; SHR+AM: SHR treated with amlodipine; SHR+AT:SHR treated with atorvastatin; SHR+AM+AT: SHR treated with amlodipine and atorvastatin 
Effect of Amlodipine, Atorvastatin and combination treatment on mRNA levels of type I and II collagen
As shown in Fig. 5 , quantitative RT-PCR results showed mRNA levels of type I and III collagen in SHR myocardial tissue were significantly increased compared with those of WKY rats, (P <0.05 for each comparisons), however, the mRNA levels of both collagens were significantly inhibited by either Amlodipine or Atorvastatin treatment, with the combination showing an synergistic effects.
Discussion
Amlodipine and Atorvastatin have been widely used in the treatment of hypertension and hyperlipidemia, and whether either single regimen or combination can prevent or reverse the development of hypertensive heart failure has been a hotspot for research in this field. For example, it has been reported that Atorvastatin could protect vascular smooth muscle cells [15] . But the exact mechanism is still not clear.
The results of this study showed that, compared with those of WKY rats, the mRNA and protein levels of MMP-2 and MMP-9 were significantly increased in the myocardial tissue of SHR rat, and their activities were also enhanced; while the mRNA and protein level of TIMP-1 were slightly increased, and there was no difference in TIMP-2 mRNA and protein level. After treatment with Amlodipine, Atorvastatin and combination, mRNA, protein expression and enzyme activity of MMP-2 and MMP-9 were significantly inhibited, with the best result shown with the combination treatment. However, treatment with Amlodipine, Atorvastatin and combination had no effect on the expression of TIMP-1 and TIMP-2 in the myocardial tissue of SHR rats. The results suggest that on the basis of Amlodipine treatment, the addition of Atorvastatin could suppress the expression and activity of MMP-2 and MMP-9 further, regulate the imbalance of MMP-2 / TIMP-2 and MMP-9/TIMP-1 and improve cardiac matrix remodeling.
MMPs belong to a family of Zn 2+ dependent endopeptidase family, in the heart they were mainly secreted by cardiac fibroblasts, cardiomyocytes and inflammatory cells. There are over twenty members of MMP family, including collagenase (MMP-1, MMP-8, and MMP-13), gelatinase (MMP-2, MMP-9), matrilysin (MMP-3, MMP-7) and membrane-type MMP (MMP-16). TIMP binds to MMP in 1:1 ratio and inhibits its activity. It was reported that not all, but only certain type of MMPs participated in pressure overload-induced cardiac fibrosis and heart failure [16] . For example, it was postulated after a systematic review and metaanalysis that MMP-2, MMP-9 and TIMP-1 may have a role as biomarkers of cardiovascular remodeling in hypertension [17] . Previous studies have found that hypertensive myocardial fibrosis was accompanied by decreased MMP-1 activity and enhanced inhibitory activity of TIMP-1 [18] , and the extent of left ventricular fibrosis in MMP-1 overexpression rat after aortic coarctation was significantly lower than that of wild-type mice [19] . In addition, Iwanaga et al. [3] reported that, with the progress of left ventricular hypertrophy, the expression of MMP-2, TIMP-1 and TIMP-2 were increased in myocardial tissue of saltsensitive hypertensive rats. Mujumdar et al. [20] reported that MMP-2 expression and activity were increased in myocardium of 32-week-old SHR rat, which was correlated with diastolic function impairment. Studies on transgenic animals have further revealed a direct role of MMP-2 and MMP-9 on cardiac matrix remodeling. Compared with that of wild-type C57BL/6J mice undergoing aortic coarctation, MMP-2 knockout mice undergoing aortic coarctation had reduced left ventricular mass index, decreased left ventricular end-diastolic pressure, alleviated cardiac hypertrophy and cardiac interstitial fibrosis [4] . On the other hand, studies on the MMP-2 overexpression mouse showed myocardial hypertrophy, broken Z filaments, degradation of muscle filament, sarcomeres and mitochondria, proliferation of cardiac fibroblasts and myocardial fibrosis in four-month-old MMP-2 transgenic mice [6] . This abnormality increases with age and eventually leading to heart failure. In addition, studies on MMP-9 knockout mice showed that, compared to wild type mice, MMP-9 knockout mice had decreased left ventricular mass, alleviated myocardial hypertrophy and myocardial interstitial fibrosis after aorta coarctation surgery [5] . Clinical data showed that blood MMP-9 level in hypertensive patients with left ventricular hypertrophy was significantly higher than those without left ventricular hypertrophy [21] .
MMPs, especially MMP-2 and MMP-9 can not only degrade cardiac matrix, but also promote collagen synthesis in cardiac fibroblasts [2, 4, 21] . MMPs can stimulate the release of a variety of cytokines that are related to cardiac matrix, such as TGF-β, bFGF, PDGF, etc., thereby promoting the synthesis of collagen. On the other hand, after collagen I and III in myocardial interstitium are degraded to terminal macromolecular peptide, MMP-1, MMP-2 and MMP-9 can further cleave terminal macromolecules peptide into Martrikines. Martrikines, which is a matrix degradation product, not only promote collagen synthesis in fibroblasts but also promotes the synthesis and secretion of MMP-2 in fibroblasts, suggesting the mutual promotion role of Martrikines and MMP-2. In summary, it is currently accepted that the enhanced expression and activity of MMP-2 and MMP-9 are important factors in promoting hypertensive myocardial interstitial fibrosis. And consistent with previous reports [20] , our results also showed that the expression of MMP-2 and MMP-9 in the myocardial tissue in 48-week-old SHR rats was increased, the activity was also enhanced; and the mRNA and protein levels of TIMP-1 were only slightly increased, while there was no significant change in mRNA and protein level of TIMP-2, suggesting that there exists a local imbalance of MMP-2/TIMP-2 and MMP-9/TIMP-1 in SHR myocardial tissue, thereby promoting myocardial matrix degradation and interstitial fibrosis. Accompanied with the elevated mRNA levels of MMP-2 and MMP-9, the mRNA levels of type I collagen and type III collagen were also increased in the myocardial tissue of 48-week-old SHR rats.
In hypertension, a variety of factors can contribute to the increased synthesis and secretion of MMP-2 and MMP-9 in heart fibroblasts and myocardial cells, such as increases of cardiac mechanical stretch stress induced by pressure overload, Ang II, ROS, inflammatory cytokines TNF -α and IL-1β, ET-1, etc. [22] [23] [24] . A protective effect of angiotensin-(1-7) against cardiac hypertrophy and collagen deposition has been reported, which may be related to concerted changes in MMPs and TIMPs levels [25] . Our previous study has confirmed that the levels of Ang II, ROS and pro-inflammatory cytokines were increased in myocardium of elderly SHR rat [7] . So, as the downstream factors of Ang II, ROS, pro-inflammatory cytokines TNF-α and IL-1β, the enhanced expression of MMP-2 and MMP-9 shown in this study may be related to the upregulated expression of Ang II, ROS and inflammatory cytokines. Since it was shown that Amlodipine and/or Atorvastatin could downregulate ROS levels and inhibit the expression of TNF-α and IL-1β in myocardial tissue, then Amlodipine and/or Atorvastatin could possibly indirectly inhibit the expression and activation of MMP-2 and MMP-9 through intervention with these factors upstream of MMPs/TIMPs system. On the other hand, in vitro studies showed that Amlodipine may decrease mRNA and protein expression and activity of MMP-2 in serum starved rat cardiac fibroblasts through protein kinase pathway [11] , and Simvastatin can inhibit TNF-α-induced MMP-9 mRNA expression and activity in human heart myofibroblasts [26] ; it is also reported that Atorvastatin could inhibit myocardial fibrosis in post-myocardial infarction heart failure by increasing MMP-2/TIMP-2 ration [27] , therefore it is also possible that Amlodipine and Atorvastatin can directly inhibit the expression and activity of MMP-2 and MMP-9. To further clarify the effects of Amlodipine and Atorvastatin on myocardial collagen expression, a real-time quantitative PCR method was used to examine the mRNA levels for type I and type III collagen. The results directly showed that both Amlodipine and Atorvastatin could reduce hypertensive cardiac remodeling by inhibiting the synthesis of type I and type III collagen in rats with diastolic dysfunction.
Finally, it has been found that cardiac function varies with age in SHR rats [28, 29] , and the reason we chose 36-week-old SHR rats in our study is that the cardiac functions in SHR rats at this age simulated those of elderly hypertensive patients, i.e., chronic hypertension in this age group of patients has led to left ventricular hypertrophy and diastolic dysfunction [30, 31] .The blood pressure of SHR rats starts to rise at 6-8 weeks after birth; compensatory ventricular hypertrophy starts to develop at 16-18 weeks after birth; diastolic dysfunction begins to appear at about 36 weeks after birth, while systolic function remains in the normal range; and decompensated ventricular hypertrophy started to develop at 70 weeks after birth, with significant dilation of the ventricular cavity and significant decrease of systolic and diastolic function.
In summary, Amlodipine and Atorvastatin inhibited the mRNA, protein expression and activity of MMP-2 and MMP-9 in SHR cardiomyocytes, with the best effect shown with the combination therapy. Amlodipine and/or Atorvastatin treatment can rescue the imbalance of MMP-2/TIMP-2 and MMP-9/TIMP-1 system which is an important mechanism in improving hypertension induced interstitial fibrosis in rat.
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